ABSTRACT: S e d i m e n t~ were sampled a t water depths from 170 to 2577 m at 17 stations adjacent to Svalbard. In general, with increasing water depth there was decreasing NH,' with increasing N O 1 in the sediment pore water, increasing depth of 0, penetration, decreasing NHI'-and increasing NO?--efflux rates, decreasing nitrification and dcnitrif~cation rates, and decreasing rates of organic nltrogen bunal. Most sediments had insignificant rates of nltrogen mineralisation (0 to 0.34 mm01 m-' d-'); there was a very high C:N ratio (mean 68) in the measured efflux products. Efflux and consunlption rates of NO,-, calculated from pore water profiles, were generally higher than the measured rates, but these calculated rates also predicted high C:N minerallsation ratios. The h~g h rat~os demanded that the part~culate organic substrate must also have had a low nitrogen content. The high measured efflux of dissolved organic nitrogen (mean 0.93 mmol m ' d -' ) from the sediment suggested that fresh detritus (C:N 13) m~g h t reach the sediment surface, and be hydrolysed with efflux loss of dissolved nitrogenrich organic matter (e.g. C.N 6) and with subsequent mineralisation ( C . 4 -68) or burial (C:N -10) of the transformed material. High C:N ratios in the products of sediment mineralisation are commonly reported, lndicatlng the prevalence of preferential nitrogen loss from detritus in the water column and probably also a t the sediment-water interface. The retention of nitrogen by the sediment can explain the discrepancy between measured and calculated NO.; fluxes: NO3-did not escape from the sediment to the water because it was assimilated by bacterla utilising high C:N substrate It is likely that some NO3-which diffused downward was also assim~lated rather than denltrif~ed. Many of these sediments had a sub-surface zone of NH,' production associated with nitrification. Above and below this zone of net production were zones of NH,' and NO, disappearance.
INTRODUCTION
It has often been emphasised that much nlineralisation of algal cells occurs in inshore sediments with the recycling of mineral nitrogen to the primary producers (Blackburn & Henriksen 1983 , Kemp et al. 1990 ). In sediments underlying deeper water, much less of the primary productivity reaches the sediment (Suess 1980 ) and the recycling of nitrogen is of less immediate importance, as the products take time to reach the photic zone. It is, however, of interest to determine the fate of the particulate organic nitrogen which reaches the surface of deep sea sediments: burial, mineralisation or loss as dissolved organic nitrogen (DON) . There are few reports on nitrogen cycling in Arctic sediments and those mostly relate to the shallow north Bering Sea and Chukchi Sea. In these regions there is preferential nitrogen mineraIisation in the summer season (Blackb.urn 1987) , there is a massive sedimentation of organic matter (Walsh et al. 1989 ), urea is a major component in sediment nitrogen cycling (Lomstein et al. 1989) and nitrification is linked to macrofaunal activity (Henriksen et al. 1993) . It is seldom that all parameters are measured in the same system, but it was our aim to obtain as much data as possible: fluxes of NH,', NO,-, urea and DON; rates of nitrification and denitrification; Mar Ecol Prog Ser 14 1: [283] [284] [285] [286] [287] [288] [289] [290] [291] [292] [293] 1996 high resolution pore water profiles of O,, NH,' and NO3-; rate of burial of particulate organic nitrogen (PON); and comparison of the nitrogen cycle with the behaviour of carbon. We describe how these data are combined to construct benthic nitrogen mass balances in order to assess the importance of nitrogen cycling in 17 sediments surrounding Svalbard, Norway.
METHODS
Stations were sampled during a cruise with the RV 'Polarstern' in June and July 1991; their locations are shown in Fig. 1 , and the exact positions, dates and method of sediment sampling have been described (Hulth et al. 1994 . Cores were obtained by either a multiple-or a box-corer. Water depth varied from 170 to 2577 m, bottom water temperature was between + 3 and -2°C and salinity was between 34 and 36%. The accumulation rate of PON in the sediments was measured by "OPb analysis, as described for particulate organic carbon burial (P. Hall, S. Hulth & T. Blackburn unpubl.) . The efflux of x C 0 2 is reported elsewhere (Hall et al. unpubl.) . Oxygen profiles were measured with an oxygen microsensor, as previously reported (Hulth et al. 1994) .
The flux incubation procedure has been described in detail (Hulth et al. 1994 . Briefly, the 35 to 50 un long, 10 cm diameter Plexiglas core tubes (0.4 cm wall) had a lid fitted with a stirring motor driving a Teflon bar; there were 2 Teflon valves. Cores were incubated with ambient overlying bottom water, without a head space, in the dark at in situ temperature. Samples were removed through one Teflon valve, being replaced by bottom water through the other valve, without mixing. The interval between samplings was such that O2 was not depleted by more than 20%. Nutrient concentrations were measured in the water samples: ammonium (Bower & Holm-Hansen 1980) , nitrate+nitrite (Wood et al. 1967) , and urea (Price & Harrison 1987) ; DON was determined by subtraction of dissolved inorganic nitrogen (DIN) from the total dissolved nitrogen, as measured by high temperature combustion in an Antek nitrogen analyser (Walsh 1989) . The concentrations, corrected for water replacement, were plotted against incubation time to give flux rates. One or more cores, after initial incubation, were treated with 1 % acetylene to inhibit nitrification (Sloth et al. 1992) . The NH,+, which would have been oxidised to NO3-in the absence of acetylene, was measured as previously described and the increase in efflux rate taken as a measurement of nitrification.
To measure benthic denitrification we used a modification of the nitrogen isotope pairing technique (Nielsen 1992) . in which 4 sediment cores of -3.8 cm length were taken in short Plexiglas tubes (7.5 cm long, 3.5 cm diam.). The overlying water was removed and replaced by bottom water to which had been added I5N-NO3-(99%) to a concentration of 10 PM, thus approximately doubling the NO3-concentration. The tubes were stoppered; 3.0 m1 of 20% O2 in helium was introduced as a bubble before incubation at in situ temperature in the dark. This prevented oxygen depletion. The overlying water was gently stirred by a suspended magnet. Sediments were incubated for varying times, depending on the depth of O2 penetration: Stns 40, 45, 50, 70, 78, 86 and 143 for 1 d; Stns 100 and 101 for 2 d; Stns 105, 108, 112 and 119 for 3 d. After incubation, the sediment in 2 tubes was resuspended in the overlying water and the gas bubble transferred to a pre-evacuated Vacutainer. The remaining 2 cores were re-incubated for the same length of time and were then mixed and sampled in the same way. The '%15N and l5NI4N were measured on an isotope ratio mass spectrometer (Nielsen 1992) . The rate of denitrification was based on the difference between the gas samples extracted at the 2 different times. Denitrification of nitrate from the water (N03w) was defined as Dw, and denitrification of nitrate which was produced in the sediment by nitnfication (N03n) was defined as Dn.
Pore water was obtained by sectioning 3.5 cm diameter sediment cores into 0.2 cm slices from the surface to at least 1.6 cm within 1 h of retrieval. Sectioning was performed at 0°C. The sediment slices were centrifuged at 3000 X g at in situ temperature. At some stations, pore water samples were obtained by sectioning 10 cm diameter cores into slices 0-1 cm, 1-2 cm, 2-3 cm, 3-4 cm, 4-6 cm and 6-8 cm. After centrifugation, the pore water was filtered through 0.45 pm prewashed cellulose acetate filters. Ammonium, urea, and NO3-+NO2-were measured by the methods above. The net diffusive flux of NO3-upward to the overlying water and downward to the lower sediment layers (&,lowas calculated as for O2 influx (Hulth et al. 1994) , using Fick's first law adapted to sediments: (Berner 1980) where @ is the porosity, dCldx is the concentration gradient and D, is the free diffusion coefficient (D) for NO3-, corrected for temperature (Li & Gregory 1973) and porosity:
RESULTS
The stations were assigned to 1 of 3 groups, mostly on the basis of the NH,' and NO3-profiles and 0, penetration depth (Fig. 2) , but also on the basis of the depth and position of the station (Fig. 1, Table 1 ). The reason for the emphasis on pore water profiles will become evident in the 'Discussion'. Group 1 was south and mostly to the west of Svalbard (Stn 45 lying to the east); all the stations in this group were relatively shallow. Group 2 had mixed depths (188 to 869 m) and all stations were relatively close to the coast. Group 3 stations were generally deep (405 to 2577 m) and to the north of Svalbard, except for Stn 78. The stations for which data were available were arranged in order of decreasing biological activity, as reflected in the general decrease in pore water NH4+ and in the increasing depth of penetration of N O , and O2 (Fig. 2) . The measured sediment-water fluxes of NH,', urea-N, NO3-and NI-N (denitrification Dn) for the various stations summarise the main products of organic nitrogen mineralisation (Table 1 ). The biologically active stations (GI-oup 1) had an efflux of NH4+ (Stn 82 was not measured). The less active stations (Groups 2 and 3) had zero-or negative effluxes of NH4+, except for Stn 40 in Group 2 and Stn 78 in Group 3. Urea flux could be positive or negative, was always small and was not correlated with sediment activity. The flux of nitrate was variable in Groups 1 and 2 (efflux in 6 out of 11 cases), but in Group 3 there was always an efflux. Denitrification of No3-produced within the sediment (Dn, see Table 3 ) decreased from low values in Group 1 to zero in Group 3. The sum of the positive net inorganic effluxes (ZN inorg.) was very small in relation to the net efflux of DON.
The calculated NO3-fluxes are shown in Table 2 . The procedure for these calculations is described in the 'Methods'. Nitrate in the overlying water was defined as N03w, and nitrate from sediment nitrification as N03n. Although all diffusional fluxes were 'net' processes, the term net was restricted to fluxes which involved both N 0 3 w and N03n. Only Stns 45 and 70 showed a calculated net influx, whereas many stations Table 1 . Measured net efflux (mm01 m-' d-' * SD, n = 3) of nitrogen species. The I N inorg. rate is the sum of the positive effluxes of ammonium, urea, nitrate and dinitrogen. Dinitrogen efflux was the measured rate of coupled nitrification-denitrification (Dn, see and nitrate (M) concentrations are plotted against sediment depth. The depth of oxygen penetration (---) is also shown (Hulth et al. 1994) in Groups 1 and 2 had a measured N O , net influx rate, as the N03w profile in the sediment must have (Table l ) . All stations in Group 3 had a net efflux, both had the same shape as that of the total measured NO,. by direct measurement and by calculation. The N 0 3 w profile in the consumption zone, giving a steeper grainflux was calculated from the concentration of N03-in dient. The eff1.u~ of N 0 3 n was obtained by adding the the water and the depth of NO3" penetration, assuming N 0 3 w influx to the calculated net efflux of NO3-. Sima linear gradient from the sediment surface to the point ilarly, the N03n downflux was obtained by subtracting of disappearance. This gives a n und.erest~mation of the N 0 3 w from net downflux of NO3-. Table 2 . Calculated nitrate fluxes (mrnol m-2 d''). Net fluxes were calculated ratios were almost 140 (Fig. 3B) . As from the gradients shown in Fig. 2 . The approximate flux downward of nitrate these C:N ratios were so high in relafrom the water (N03w) was also calculated from the gradient established tion to the C:N of -10 in the sediment between the water and the penetration depth of nitrate. The N 0 3 n (nitrate from n~trification in the sediment) outflux was the net flux out plus the N 0 3 w flux organic matter and down. Similarly, the N 0 3 n flux down was the net flux down minus the N 0 3 w the generally low C:N detriflux down. nd: not done tus, w e suspected that there had been a failure to measure all inorganic-N compounds. It seemed likely that either NO3-fluxes or denitrification had been underestimated. Net NO3-fluxes, upward in the direction of the sediment surface (effluxes) and downward (possible denitrification) towards the anoxic sediment zone, were calculated from the No3-gradients (Fig. 2 ) and are shown in Table 2 . It was apparent that the calculated effluxes were much greater than the measured effluxes for Group 2 stations. This is clearly seen when the means of the measured and calculated effluxes are compared (Fig. 4A ). There was little difference between the 2 rates in Groups 1 and 3. Both the measured and calculated effluxes were net, in the sense that they were the product of 2 opposite processes, i.e. the diffusion of N 0 3 w downward from the The measured rates of nitrification and of denitrification (Dw and Dn) are shown in Table 3 . Nitrification rates were variable, but were generally higher in Group 1 and lower in Groups 2 and 3. Dn and Dw rates had a similar trend. PON accumulation (Table 3) 
DISCUSSION

Calculated nitrate fluxes
Most sediments had insignificant rates of nitrogen-compared to carbonmineralisation (Fig. 3) . The Group 1 sediments had the largest nitrogen mineralisation rates, followed by Group 3, with Group 2 having very low values (Fig. 3A) . Even the Group 1 sediments had high C:N ratios in mineralised products (>40) and Group 2 
Nitrogen budget
Mar Ecol Prog Ser 141 [283] [284] [285] [286] [287] [288] [289] [290] [291] [292] [293] 1996 The measured values for nitrogen mineralisation (Table 1) were used, wlth the rate of PON burlal and the rate of DON efflux, to calculate the rate at which PON must have reached the sediment surface (Table 3) . Surprisingly, considering the wlde range of water depths, the required inputs of PON showed little correlation wlth station grouping: the highest (Fig. 2) . The calculated rate of denitrification of N 0 3 n was greater than the measured (Dn) rate , except for Group 1 sediments (Fig. 4B) . The measured Dn rates followed sediment activity as judged by O2 penetration (Group 1 > Group 2 > Group 3), whereas the opposite was observed for the calculated rates (Fig. 4B ). The calculated rates of denitrification of N 0 3 w were also greater than the measured (Dw) rates, but the calculated rates of denitrification followed sediment activity (Fig 5B) . Another independent estimate of denitrification (nitrification -N 0 3 n efflux) was based on the hypothesis that: nitrification = N 0 3 n efflux + denltrificatlon (Blackburn 1986 ).
However, the measured nitnfication rates were variable within the groups. They were substantially lower, with the exception of Group 1, than the calculated rates ( N 0 3 n efflux + N 0 3 n downflux, Fig. 5A ). It is very probable, as we discuss later, that the above equation was incorrect in the present situation. More llkely, nitrification equalled N 0 3 n efflux + Dn + N 0 3 n assimilation into bacteria.
New maximum XN efflux rates were obtalned, In which the calculated nitnflcation rates were added to the posltive effluxes of NH,' and urea to give the total mineralised N. These new EN values were almost certainly too large, as they were based on the assumption that no assimilation of NO3-had occurred. The ratios of E C 0 2 : n e w XN varied from -50 to -20 ( Fig. 4C ): these were still very hlgh values for the C:N ratio in the substrate, so it must be concluded that the substrate did have a low nitrogen content.
,--. nltrate efflux, (B) denltnfication of nltrate from the s e d~m e n t ( N 0 3 n ) , (C) calculation of minimum C -N minerallsation ratlos. Data are presented as means, wlth SD, of data from stations w~t h~n the 3 groups. Nltrate efflux was obtalned by direct measurement (net measured, Table l ) , by calculat~on of the net efflux (Table 2 ) and by correction of these values for nltrate Influx from the water ( Table 2 , N 0 3 n flux out) Denitnfication of N 0 3 n was obtained by dlrect measurement (Table 3 , Dn), by calculation (Table 2 , N 0 3 n flux down), and by subtracting N 0 3 n efflux (Table 2 ) from the measured nltnficatlon rate (Table 3) . Dn was zero for Group 3 stat~ons The measured XC02 fluxes (Hall et al. unpubl ) 
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Fig. 5. Comparison of measured and calculated rates of (A) nitrification and (B) denitrification of nitrate from the water (N03w). In (A), the measured rates of nitrification (Table 3 ) and the calculated rates ( values were in Group 2. These data were incorporated into a mean N budget for the Svalbard region (Fig. 6 ). It is not representative for all seasons, but reflects the situation in July 1991. The 2 most important features of this budget were the very high efflux of DON (0.93 mm01 m-* d-l) compared to the low efflux of DIN (0.14 mm01 m-2 d-l). Presumably, the high DON efflux was a temporary phenomenon associated with the sedimentation of fresh detrital material from the photic zone. If the DON which effluxed had a relatively low C:N ratio (e.g. 6), then the sedimenting detritus would have had a C:N ratio of 13. If there had not been an efflux of nitrogen-rich dissolved organic material from the sediment surface, the sedimented detritus would have had a C:N ratio of 28. This was a result of the complete mineralisation of very high C:N substrate (68) and the burial of relatively low C:N (10) organic matter. Considered from another angle, if the organic substrate In the
Patterns of inorganic nitrogen assimilation
Assimilation of both NH,' and No3-are suggested by the individual station profiles (Fig. 2) and in the summary group profiles (Fig. 7) . The rates of NO,-assimilation (Fig. ?) were calculated a s follows: The uptake of NO,-to the surface side of the NO3-peak was derived from the calculated net efflux of NO3-minus its measured net efflux rate. The uptake rate of N O ? on the down side of the NO3-peak was derived from the calculated net downflux of NO3-minus the summed measured rates of denitrification (Dn + Dw).
The contribution of N 0 3 n was much greater than that of N 0 3 w , except for Group 1 sediments. We had used the NH,' profiles, in conjunction with NO3-and 02, to arrange the stations in order of decreasing activity (Fig. 2 ), but we did not want to rely too heavily on NH4+ profiles, a s NH,+ concentrations can increase in sample processing, especially in sediments from great depth (Berelson et al. 1990 , R. Aller, P. Hall, J. Mackin & P. Aller unpubl.). In addition, an attempt to model the NH,', NO,-and O2 profiles was only partially successful, because assimilation of NH,' and NO3-was not included (Blackburn & Blackburn 199313 ). The mean NH,' profiles for each group of stations, however, will be seen to fit well with the NO,-profiles and with the proposed zones of N O , uptake (Fig 7) .
WATER
PON 1 37 C/N= 1 3 'SEDIMENT S sediment had a high C:N and the organic matter which was buried had a low C:N, then little nitrogen There was considerable variability among the Group 1 stations, so the summary profiles (Fig. ?A) are not representative of all stations. The limited O2 penetration a n d the high NH,' concentrations are correct, but the NO3-profile (Fig 7A) is only characteristic for Stns 50 a n d 82 (Fig. 2C, D) . The Group 2 sediment summary (Fig. ?B) is quite representative of the individual sediments with respect to a deep penetration of 02, NH4+ concentrations <30 PM, with a shallow gradient from the deep sediment, and a characteristic concavity in the profile below the oxic zone in all except Stn 134 (Fig. 2K) . The NO; profiles were more variable, but all except Stn 119 and Stn 134 (Fig. 21, K) had sharp peaks at -1.0 cm depth, as in Fig ?B . The 4 sedi m e n t~ in Group 3 (Fig. 2L, M, N, 0) all had similar deep penetration of O,, little diffusion of NH4+ from below, but evidence of NH,' production close to the surface, and broad NO3-peaks with deep NO3-penetration, similar to the representation in Fig. ? C.
We feel that Fig 7 adequately mirrors the 3 basic patterns observed in these sediments and that they may b e used to draw general conclusions regarding sediment processes. The active zone in Group 1 sediments (Fig. 7A) was so close to the surface that it was difficult to analyse the gradients, but there was some NO3-uptake (0.01 mm01 d-l) close to the surface, and almost certainly NH,' uptake also, as NH,' fluxes were smaller (Table 1) than expected from the gradients (Fig. 2) . In addition, there was certainly also some incorporation of NO3-from the overlying water. We suggest that most NH,' came by di!fusion from below 0.2 cm depth and that some was assimilated by bacteria using relatively high C:N substrate close to the sediment surface. It is unlikely that there was any NO3-assimilation below the NO3-peak, as NH,' was in high concentration. It is probable that quite vigorous nitrification occurred, as evidenced by the high measured rates (Fig. 5A) . The low measured nitrification rates for Groups 2 and 3 (Fig. 5A) were probably artefacts of the assay procedure. The NH,', spared by acetylene inhibition of nitrification at some depth in the sediment, was almost certainly assimilated by bacteria before it could diffuse to the surface. It is thus consistent that the calculated rates of nitrification for these groups are higher than the measured values. This can also explain why Dn can be greater than nitrification (Table 3) .
Group 2 sediments present the most interesting picture. Some NH4+ diffused from below, but some was also produced at -1 .O cm. The profile indicated an uptake of NH,+ at -2.5 cm, and the small and irregular efflux (Table l ) indicated further uptake close to the sediment surface. There was also No3-uptake on the upper side (0.19 mm01 m-2 d-l) and lower side (0.10 mm01 m-, d-') of the NO3' peak, presumably because NH,' concentrations were too low to be inhibitory.
Group 3 sediments (Fig. ?C) showed a further progression from the Group 2 pattern. Very little NH4+ diffused from below, and most NH,' was produced at -1.5 cm. As no NH,' diffused into the overlying water (except at Stn 78, Table 1 ) it must have been assimilated on the upper side of the NH,' peak, as this did not seem to be a zone of active nitrification. There was also NH,' assimilation on the lower side of the NH,' peak, as indicated by a concavity in the profile, again in a zone of low nitrification. Nitrate assimilation did not occur on the upper side of the NO,-peak, presumably as there was an equal concentration of NH,' Forla et al. (1994) Bay of Cadlz, Spain Nedwell & Walker (1995) Slgny Island. Antarctica Overnell et al. (1995) Loch Linne, Scotland Henriksen e t al. (1993) N. Bering Sea area, USA Enoksson (1993) Laholm Bay, Sweden Alongi (1 995) Gulf of Papua, Papua New Guinea Berelson e t al. (1990) Central equat. N. Pacific Bender et al. (1989) San Clemente Basin, USA Jahnke (1990) Santa lvlonlca Basin, USA Chnstensen et al. (1987) Continental However, there was probably considerable NO3-uptake (0.18 mm01 m-2 d-') on the lower side, but this estimate was based on the difference between the calculated NO3-downflux and the measured total rate of denitrification. Measured denitrification was zero for this sediment group, possibly because the cores were too short (3.8 cm) to include the entire denitrification zone. In addition, the incubation time ( 2 to 3 d ) may have been insufficient to allow '%NO,-to diffuse to the denitrification zone. However, in this deep zone there was probably a n uptake of NH,', indicating an assimilatory demand for nitrogen, so it is likely that NO,-assimilation also occurred. The oxidation of NH,' by NO,-in a denitrification reaction is another and attractive explanation for the disappearance of both compounds (Bender et al. 1989 ).
It is difficult to explain what happened in the zone of NH,' production, particularly with regard to Group 2, where this zone was bordered on both sides by zones of N uptake. Presumably, as the sedimenting substrate had a high C:N ratio (Fig. 6) . NH,' was produced from the degradation of biomass rather than substrate. Perhaps there was an enrichment of biomass in the NH,' production zone by, e.g., meiofaunal predation of bacteria in the uptake zones. Alternatively, bacteria from the adjacent uptake zones may have migrated into the NH,' production zone, where they were mineralised.
These sediments had unusual characteristics: very high efflux of DON (68 % of the sedimented PON) and very high C:N in mineralised products associated with high rates of NH,' and No3-immobilisation into biomass and detritus (C:N 10). There are, however, some references to similar events in other marine sediments.
Evidence in the literature for high C:N substrate There are few references in the literature to high rates of DON efflux from sediments, but hydrolysis of organic detritus at the surface of the sediment can lead to a large diffusional loss of DON to the overlying water. Models have predicted this to be -50% of sedimenting PON (Blackburn & Blackburn 1993a , Blackburn 1995 ; large ( > 3 mm01 m-' d-') effluxes were measured from microcosms to which algal material had been added (Hansen & Blackburn 1992 ) and smaller fluxes (0.43 mm01 m-' d-') were measul-ed from southeastern Kattegat sediments (Enoksson 1993) . Large benthic DON effluxes (0.4 to 3.2 mm01 N m-' d-') were measured on the eastern Canadian contintental shelf and in the Skagerrak .
There are some data suggesting high C:N ratios of mineralisation, but often O2 uptake must be taken as a proxy for E C 0 2 production (Table 4 ) . Often, there is also a lack of information on the efflux of N2 (denitrification) and of urea. Because of this deficiency, the estimated ratios may be too large. Urea effluxes can be quite high in Arctic sediments (Lomstein et al. 1989) ; and under certain circumstances, coupled nitrificationdenitrification is predicted to be high (Blackburn 1996) . As the relevance of the citations in Table 4 to the present situation is doubtful, they will not be discussed in detail, but the deep-sea sediments tend to b e most similar to ours. For example, N O 3 flux could be out or into the sediment, and there was no NH,' efflux. The picture is consistent with a nitrogen deficit in the sediment
The present data indlcate preferential nitrogen hydrolysis and mineralization of organic material in the water a n d the sediment. Microcosm studies have shown preferential N mineralisation to occur in sediments (Kristensen & Blackburn 1987) . This process also occurs in north Bering Sea sediments during the summer, residual high C:N detritus being degraded in the winter (Blackburn 1987) . The present data also suggest the bacterial ass~milation (immobilisation) of inorganic nitrogen. This has been shown for sediments in the Limfjorden, Denmark, by a I5NH4+ dilution method (Blackburn 1980) and in Bering Shelf sediments by mass balance (Lomstein et al. 1989) .
In conclusion, DON may be lost from the sediment when hydrolysis of particulates occurs at the surface of the sediment. This loss of low C:N soluble organic material results in a residue of high C:N. Nitrogen is retained by the sediment, resulting in a low efflux of inorganic nitrogen and in the creation of a low C:N organic detritus, some of which is buried. Nitrogen retention entails the assimilation of both NH,' and NO3-, the latter often from the overlying water.
